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Introduction 

A recent trend In science education research has emerged which emphasizes 
the role of prior "misconceptions" in the acquisition of important scientific 
concepts (e.g. Driver, 1981,1983; Posnsr, Strike, Hewson, and Gertzog, 1982; 
Anderson and Smith, in press; Hewson and Hewson, 1984). Misconceptions, 
defined as knowledge derived from extensive personal experience which is 
incompatible with established scientific theory (cf., Halloun and Hestenes, 
1985a,1985b) , are presumed to be deeply-rooted, instruction-resistant 
impediments to the acquisition of scientifically valid concepts. The overthrow 
of these misconceptions presumably requires students to move through a phase in 
which a mismatch between the misconception and the scientific conception exists 
and provokes a "cognitive conflict" or state of mental "diseqilibrium" (cf . 
Posner et al. , 1982) . 

Importantly these misconceptions are not viewed as simply minor 
misunderstandings or trivial gaps in knowledge that students may have forgotten 
or cognitively "misplaced". Rather they are allegedly embedded in "highly 
robust" alternative conceptual frameworks for the interpretation of natural 
events many of which were seriously advocated by leading intellectuals of the 
past (cf., Halloun and Hestenes, 1985b; VIennot, 1979). Investigators view the 
cognitive overthrow of these alternative conceptual frameworks as similar to 
scientific paradigm shifts of the past (In the Kuhnian sense) such as the shift 
from a geocentric to a helocentric model of the solar system, an Aristotelian 
view of motion to a Newtonian view, or an Old Testament view of special 
creation to a Darwinian view of evolution. 

Most research into student misconceptions has centered in the physical 
science*, primarily physics, in areas such as mechanics (e.g. Aguirre and 
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Erickson, 1984; Champagne and Klopfer, 1982; Gunstone and White, 1981; Halloun 
and Hestenes, 1985a, 1985b; Minstrell, 1982; Trowbridge and McDermott, 1980; 
Viennot, 1979), electricity (Idar andGaniel, 1985; Fredette and Lockhead, 
1980) and heat and temperature (Moreira and Santos, 1981; Rosenquist, Popp and 
McDermott, 1982). The general findings of such studies is typified by results 
of the Halloun and Hestenes (1985a, 1985b) study in which they found that 
college students' misconceptions about motion significantly influenced 
achievement and conventional instruction produced very little change in those 
initial misconceptions. 

There is much to be said for such a view of the educational process and 
the recent research into students 1 misconceptions of the physical world seems 
promising. The implied teaching and research agenda is clear. Identify 
important topics in science instruction, identify students' alternative 
conceptual frameworks/misconceptions, design models of instruction and specific 
lessons to overthrow their misconceptions and implant scientifically valid 
conceptions in their place. Posner et al. (1982) suggest the following four 
criteria must be met for success: 

1. Students must become dissatisfied with their existing conceptions. 

2. Students must achieve a minimal understanding of the scientific 
conception. 

3. The scientific conception must appear plausible. 

4. Students must see the scientific conception as useful in a variety of 
situations . 



Another major area of research in science education has focused attention 
on students' reasoning abilities, or more importantly their general lack of 
reasoning abilities. Lawson (1985) recently reviewed over two decades of 
research into students* reasoning patterns and concluded that many high school 
and even college students do not develop skill at using important formal, 
hypo the tico- deductive reasoning patterns (e.g., the control of variables, 
proportional, probabilistic, and correlational reasoning) beyond very familiar 
and concrete contexts. Further he concluded that the instruction of materials 
and methods do exist to significantly increase the percentage of students who 
successfully utilize these reasoning patterns in a more general sense. Data 
were reviewed that suggested that improved reasoning skills will raise general 
academic achievement and should pay off in terms of a better informed, more 
thoughtful and effective citizenry as well. 

In general, the improvement of reasoning skills arises from situations in 
which students are engaged in exchanges of contradictory viewpoints in which 
reasons and evidence are actively sought to resolve tne contradiction (i.e., 
arguments). Argumentation thus provides the raw material from which forms of 
argumentation (i.e., patterns of reasoning) become abstracted from the contexts 
of the particular arguments in which thay are embedded. A person skilled in 
argumentation is skilled in reasoning. Consider, for example, the classic 
forms of argumentation shown in Figure 1 and discussed in textbooks of 
argumentation, critical thinking and debate (cf . , Freeley, 1976; Olson, 1969; 
Shurter and Pierce, 1966; Ziegelmusller and Dause, 1975). 
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Figure 1 lists eight „ e ll known forms of argumentation classified by 
Lawson and Krai (1985) as requiring either preoperational, concrete, or formal 
operational patterns of reasoning. Comprehension or generation of arguments by 
sign and analogy are not considered to require concrete or formal reasoning 
because class-subclass or causal relationships are not involved. In contrast, 
arguments by example (essence and existence) are considered to require concrete 
operational reasoning in that class-subclass relationships are involved. 
Arguments of causal correlation and causal generalization are judged to involve 
formal reasoning, because evidence is sought to test hypothesized causal and/or 
correlational relationships. 

Those arguments are basically of two types -- inductive and deductive. 
Inductive arguments are termed arguments by causal correlation. There are 
three types of arguments by causal correlation called ra ethod of differences, 
method of agreement and concomitant variation. The methods of differences and 
agreement require the formal operational pattern of the isolation and control 
of variables (in fact these are psychologically one and the same), while 
generating an argument of concomitant variation requires use of the formal 
pattern known as correlational reasoning. The one form of deductive argument 
based upon cause-effect or correlational relationships is known as causal 
generalization in which inductively established causal or correlational 
relationships are used to deduce conclusions about specific cases. 

The Learning Cycle 
The central thesis of the present paper is that the research tradition 
into student misconceptions and that into student reasoning patterns both imply 
the same method of instruction because examining the adequacy of prior 



conceptions forces one to argue about and reflect on the reasons for those 
conceptions which in turn provides the opportunity to abstract the forms of 
argumentation (patterns of reasoning) from the external and internal arguments 
that arise when opposing conceptions come face to face. The generally accepted 
method of instruction to provoke students to reveal and debate prior 
conceptions and to improve reasoning skills is based in part upon Piagefs 
notion of equilibration and is called the learning cycle ( c f . , Atkin and 
Karplus, 1962; Karplus, Lawson, Vollman, Appel, Bernoff, Howe, Rusch and 
Sullivan, 1976). The learning cycle consists of three phases called 
exploration, term introduction, and concept application. The learning cycle 
phases can be carried out to meet precisely the four criteria listed by Posner 
et al. (1982) to help students overthrow their misconceptions and become more 
skilled reasoners. In other words, correct use of the learning cycle provides 
the opportunity for students to reveal their prior conceptions and the 
opportunity to debate and test those conceptions which can result not only in 
the improvement of students' conceptual knowledge but also in an increased 
awareness of and ability to use the reasoning patterns involved in the 
generation and test of that conceptual knowledge. 

Although there are the three types of learning cycles (not all equally 
effective at producing disequilibrium, argument, and improved reasoning) they 
all follow the general three phase sequence of exploration, term introduction, 
and concept application. To introduce you to that sequence consider the 
following alternative approaches to beginning a general science course's 
section on density. Would you begin by: 

(a) Presenting a film in which one cubic decimeter blocks of various 
• aolid materials are carefully weighed and the volumes of one kilogram 
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blocks of the same materials are calculated from the dimensions, thus 
allowing two density determinations of each material to be compared. 

(b) Arranging for a laboratory period in which your students could use 
rulers, calipers, graduated cylinders, and balances to determine the 
volumes and masses of objects of widely differing shapes and various 
materials for plotting on a graph of volume vs. mass. 

(c) Discussing with your students their experiences with floating and 
sinking objects, including themselves when they swim or play in the 



water. 



(d> Presenting an explanation with demonstrations in which various 
specimens of material are weighed, their volumes are found by 
appropriate means, and you finally calculate the density of each 
material. 

(e) Arranging for a laboratory period during which your pupils will make 
accurate measurements of density of carefully machined blocks and 
rods of measurements. 



Certainly the resources available to you and the preparation of your 
students will influence your choice. Compare my comments below with yours. 

(a) Films are popular ways of introducing new topics. In this case, the 
film presents observations the students might make in the laboratory 
if they had a.^ess to the expensive materials. We would recommend 
the film be used after a laboratory period if a laboratory is 
available. Films raise questions, provoke inquiry, or present 
contradictions to prior conceptions less effectively than first hand 
experiences. Since paying attention to the film preempts their 
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initiative, few students watching a film f or the first time would 
think critically about what they observe. Furthermore, seeing a 
picture of an object or process does not carry the impact of seeing 
the object or influencing the process oneself, 
(b) An approach of this kind, where the students have a great deal of 

freedom to use their own judgment, try out their own ideas, and learn 
from their own mistakes as they gain practical experience with 
specimen and instruments they will use for the definition of density 
later, is highly recommended. The teacher can circulate among the 
students and identify any misconceptions they might have, as well as 
identify the reasoning patterns they use. 

(c) Even though this approach involves students with their own past 
experience, the relation between density and bouyancy is not so very 
obvious that it is the focus of a good beginning activity. It would 
be better at a later time, after density has been defined, to apply 
the concept to a comparison of solid and liquid materials. 

(d) This direct explanation would be very inappropriate for the 
introduction of a new topic because it takes for granted that the 
students have a good grasp of volume, mass, and the concept of ratio. 

(e) This type of laboratory makes it more difficult for students to ask 
their own questions and take responsibility for satisfying their own 
curiosity. The reasons for making careful observations and 
calculating the density at this time will not be clear to many 
students. Such a laboratory activity would be more appropriate at a 
later stage in the learning sequence, but even then it might focus 
more. attention on some of the potential errors in measurement. . 
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The recommended approach in (b) is an example of an exploratory activity 
upon which later conceptual understandings can be built. It represents the 
EXPLORATION phase of the learning cycle. During EXPLORATION , the students 
learn through their own actions and reactions in a new situation. In this 
Phase they explore new materials with minimal guidance. The new experience 
should raise questions or complexities that they cannot resolve with their 
present conceptions or accustomed patterns of reasoning. I„ other words , it 
provides the opportunity for student, to voice potentially conflicting and at 
least partially inadequate ideas that can spark debate and an analysis of the 
reasons for their ideas. Exploration also leads to the identification of a 
pattern of regularity in the phenomena explored such as the straight line which 
occurs on a granh when volume is plotted against mass of brass objects of 
varying sizes and shapes. 

The second phase, TERM INTRODUCTION, starts with the introduction of a new 
term or terms, such as density, that is used to label the pattern discovered 
during EXPLORATION. The term(s) may be introduced by the teacher, the 
textbook, a film, or another medium. This step should always follow 
EXPLORATION and relate directly to the pattern discovered during the 
EXPLORATION activity. The film in alternative (a) above or the lecture in 
alternative (d) could be part of a TERM INTRODUCTION session following 
laboratory activities like (b) . Students should be encouraged to identify as 
much of a new pattern as possible before it is revealed to the class, but 
expecting students to discover ail of the complex patterns of modern science is 
unrealistic. 

In the last phase of the learning cycle, CONCEPT APPLICATION, students 
*PPly the new term and/or reasoning pattern to additional examples. After the 
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introduction of density, for instance, the accurate measurement of densities in 
alternative (e) would be appropriate as would activities involving floating and 
sinking (c) , or the densities of liquids and gases. 

The CONCEPT APPLICATION phase is necessary for some students to abstract 
the pattern from its concrete contexts and/or to generalize it to other 
situations. Without a number and variety of applications, the pattern may not 
be abstracted from the contexts or its generality may remain restricted to the 
context used during its definition. 

Note that the last phase is referred to as CONCEPT APPLICATION while the 
previous phase was labeled TERM INTRODUCTION. I am defining a concept as a 
mental pattern (i.e., a pattern in ones mind) that is accessed by a verbal or 
written symbol (i.e., a term). Thus a concept is the abstracted pattern plus 
the term. A person can have the pattern or the term but he does not have the 
concept until he has both. Teachers can introduce terms to students but 
students must abstract the pattern themselves. EXPLORATION provides the 
opportunity for students to discover the pattern. TERM INTRODUCTION provides 
the teacher with the opportunity to introduce the term and it provides students 
an initial opportunity tc link the pattern with the term thus acquiring the 
concept. Finally, CONCEPT .'^PLICATION allows students repeated opportunities 
to abstract the pattern and to discover applications of the new concept in new 
contexts . 

Three Types of Learning Cycles 
Learning cycles can be classified as one of three types --descriptive, 
empirical-inductive, and hypothetical -deductive . The essential difference 
aaong. the three types of learning cycles is the degree to which students either 
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gather data in a purely descriptive fashion (not guided by explicit hypotheses 
they wish to test) or initially set out to test hypotheses in a controlled 
fashion. The three types of learning cycles, therefore, represent three points 
along a continuum from descriptive to experimental science. They obviously 
Place differing demands o n student initiative, knowledge, and reasoning skill. 
In terms of student reasoning ability, descriptive learning cycles require only 
concrete operational skills while hypothetical-deductive learning cycles demand 
use of formal operational skills. Empirical- inductive learning cycles are 
intermediate and involve reasoning that can best be termed transitional. 

In descriptive learning cycles students discover and describe an empirical 

patterns within a specific context (exploration); the teacher gives it a name 
(term introduction); and the pattern is then identified in additional contexts 
(concept application) . This type of learning cycle is called descriptive 

because the students and teacher are merely describing what they observe 

without attempting to generate hypotheses to explain their observations. 

Descriptive learning cycles answer the question, What?, but do not raise the 

question, Why? 

In empirical- inductive learning cycles students again discover and 
describe and empirical pattern in a specific context (exploration); but they go 
further by generating (inducing) possible causes for that pattern. This 
requires the transfer of terms/concepts learned in other contexts to this new 
context (term introduction). The terms may be introduced by students, the 
teacher, or both. With the teacher's guidance, the students then sift through 
the data gathered during the exploration phase to see if the hypothesized 
causes are consistent with those data and other known phenomena (concept 
application). In other words, observations are made in a descriptive fashion, 
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but this type of learning cycle goes further to induce and initially test a 
cause(s), hence the name emp irical- indue t ive . 

The third type of learning cycle, hypothetical-deductive, is initiated 
with the statement of a causal question to which students are asked to generate 
possible answers (hypotheses). Student time is then devoted to deducing the 
logical consequences of these hypotheses and explicitly designing and 
conducting experiments to test them (exploration). The analysis of 
experimental results allows for some hypotheses to be rejected, others 
retained, and terms to be introduced (term introduction). Finally the relevant 
concepts and reasoning patterns that are involved and discussed may be applied 
in other situations at a later time (concept application). The explicit 
generation and test of hypotheses through a comparison of logical deductions 

with empirical results is required in this i-v™ nf i 

4 Q ln cnis fc yP e °f learning cycle hence the 

name, hypothetical -deductive . 

The following steps are utilized in preparing and using the three types of 
learning cycles. 

1. Descriptive Learning Cycle 

1. the teacher identifies some empirically derived* concept he/she 
wishes to teach 

2. the teacher identifies some phenomenon that involves the pattern 
upon which the concept is based 

3. Exploration Phase: the students explore the phenomenon and 
attempt to discover and describe the pattern 
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4. Term Introduction Phase: the students report the data they have 
gathered; and they and/or the teacher describe the pattern; the 
teacher then introduces a term to refer to the pattern 

5. Concept Application Phase: additional phenomena are discussed 

and/or explored that involve the same concept 
Empirical- Inductive Learning Cycles 

1. the teacher identifies some concept he/she wishes to teach 

2. the teacher identifies some phenomenon that involves the pattern 
upon which the concept is based 

3. Exploration Phase: the teacher raises a descriptive and causal 
question 

4. students gather data to answer the descriptive question 

5. data to answer the descriptive question are put on the board 

6. the descriptive question is answered and the causal question is 
raised 



7. hypotheses are advanced to answer the causal question and the 
already gathered data are examined to initially test it 

8. Term Introduction Phase: terms are introduced that relate to 
the explored phenomenon and hypothesized explanation 

9. Concept Application Phase: additional phenomena are discussed 
or explored that involve the same concept (s) 

3. Hypothetical -Deductive Learning Cycles 

1. the teacher identifies some concept or reasoning pattern he/she 
wishes to teach 

2. The teacher identifies some phenomenon that involves the pattern 
upon which the concept is based 
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3. Exploration Phase: the students explore a phenomenon that 
raises the causal question or teacher raises the causal question 

4. in a class discussion hypotheses are advanced and either 
students are told to work in groups to deduce implications and 
design experiments or th/.s step is done in a class discussion 

5. the students conduct the experiments 
Term Introduction Phase: data are compared, analyzed, terms are 
introduced and conclusions are drawn 

Concept Application Phase: additional phenomena are discussed 
or explored that involve the same concepts 
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Descriptive Learning Cycles 
Recall it was stated earlier that the three types of learning cycles are 
not equally effective at generating disequilibrium, argumentation and the use 
of reasoning patterns to examine alternative conceptions/misconceptions. 
Descriptive learning cycles are essentially designed to have students observe a 
small part of the world, discover a pattern of regularity, name it and look for 
the pattern elsewhere. Little or no disequilibrium may result as students will 
most likely have few if any erroneous preconceptions. Graphing a frequency 
distribution of the length of a sample of a species of sea shells will allow 
you to introduce the term normal distribution but will not provide much 
argumentation among your students. A descriptive learning cycle into skull 
structure/function (see appendix) allows the teacher to introduce the terms 
herbivore, omnivore, and carnivore and also allows for some student 
argumentation as they put forth and compare ideas about skull structure and 
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possible diets. Yet seldom are ideas hotly debated and hard evidence is not 
sought in descriptive learning cycles. 



Empirical -Inductive Learning Cycles 
On the other hand, consider the following empirical- inductive (EI) 
learning cycle which involves the concept of air pressure. It, Uke other EI 
learning cycles, requires students to do more than describe a phenomenon. An 
explanation is required. Explanation opens the door to a multitude of 
^conceptions, suction in this case, and the resulting arguments and analysis 
of evidence and reasoning patterns represent a near perfect example of how EI 
learning cycles can be used to promote disequilibrium and the development of 
conceptual knowledge and reasoning patterns. 

To start, students invert a cylinder over a candle burning in a pan of 
water. They observe that the flame soon goes out and water rises into the 
cylinder. Two questions are posed. Why did the flame go out ? Why did the 
water rise? The typical explanation students generate to answer these 
questions is that the flame used up the oxygen in the cylinder and left a 
partial vacuum which sucked the water in from below. This explanation reveals 
two misconceptions: (!) f lames destroy matter ^ a ^ ^ 

water rises due to a nonexistant force called suction. Testing of these ideas 
requires use of a f orma l hypothetico-deductive pattern of reasoning utilizing 
the isolation and control of variables. Example teacher and student materials 
prepared for this learning cycle are also found in the appendix. 
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Hypothetical-Deductive Learning Cycles 
Like EI learning cycles, hypothetical-deductive (HD) learning cycles 
require explanation of some phenomenon, thus open up the possibility for the 
generation of alternative conceptions/misconceptions, disequilibrium and the 
resulting argumentation and analysis of data to resolve conflict. Unlike EI 
cycles, however, HD cycles, call for the immediate and explicit statement of 
alternative hypotheses to explain a phenomenon. In brief, . causal question is 
raised and students must explicitly generate alternative hypotheses, which in 
turn must be tested through the deduction of predicted consequences and 
experimentation. This places a heavy burden on student initiative and formal 
reasoning skills. 

Consider, for example, the question of water rise in plants. Objects are 
attracted toward the center of the earth by a force called gravity, yet water 
ris*s in tall trees to the upper most leaves to allow photosynthesis to take 
Place. What causes the water to rise in spite of the downward gravitational 
force? The following alternative hypotheses (alternative 

conceptions/misconceptions) were generated in a recent biology lab at Arizona 
State University: a) water evaporates from the leaves to create a vacuum which 
sucks water up, b) root, squeeze to push water up through one-way valves in the 
stem tubes, C ) capillary action of water pulls it up l ike water soaking up a 
paper towel, and d) osmosis pulls water up. 

Of course equipment limitations keep some ideas from being tested but the 
"leaf evaporation- hypothesis can be tested by comparing water rise in plants 
with and without leaves requiring the reasoning patterns of the isolation and 
control of variables. The -root squeeze- hypothesis can be tested by comparing 
water rise in plants with «„ d without roots; and the -one -way. valve- hypothesis 
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can be tested by comparing water rise in right-side-up and up-side-down stems. 
Results allow rejection of some of the hypotheses and not others. The 
survivors are considered "correct", for the time being, at least, just as is 
the case in doing "real" science, which of course is precisely what the 
students are doing. Following the experimentation, terras such as transpiration 
can be introduced and applied elsewhere as is the case for all types of 
learning cycles. Example student materials for this learning cycle are 
included in the appendix. 

The water rise in plants question may involve misconceptions but few 
students *ould feel strongly committed to any one point of view ,s these points 
of view are not likely to be tied to others which do have strong intellectual 
and/or emotional committments. But consider the case of evolution and special 
^ creation. Here committments often run very deep, thus a hypothetical-deductive 
learning cycle into the question - Where did present-day life forms come from? 
-- can stir up considerable controversy, argumentation and reflective thought. 

To introduce the concept of evolution using a hypothetical -deductive 
learning cycle once again we start with alternative lypotheses. At least three 
can be offered: a) Present day organisms were all created during a brief 
period of tim> by an act of special creation- (i.e . , God). Further, organisms 
were created fart God in virtually the same forms as we see today, b) Present 
day organisms have spontaneously arisen from dead material throughout time 
including the present. For example, dead, rotting meat will produce fly 
larvae. Old rags in damp places will produce baby rats, c) Present day 
organisms have evolved from very few simple organises gradually over vast 
periods of time. Students may generate other hypotheses but at least these 
three should be mentioned. 
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Notice that an interesting thing has been done. What represents the 
revealed truth for some people, namely special creation, is treated not as 
truth but rather simply as one of three alternative hypotheses. The 
recognition that alternative hypotheses can in fact exist, as opposed to 
revealed truths, represents a crucial step. 

Once the hypotheses have been generated, they must be tested. The 
hypothesis of spontaneous generation leads to replication or discussion of the 
classic experiments of Spallanzani, Needham, and Pasteur and to its ultimate 
rejection. The hypotheses of special creation and evolution lead to 
consideration of the process of geologic sedimentation, fossil formation, and 
to the fossil record. Clearly the predicted fossil records for the two 
hypotheses are quite different, even contradictory, in some respects. Special 
creation predicts a pattern of fossil remains with no fossils in the deepest, 
oldest sedimentary layers (before special creation), all forms of simple and 
complex life in the layer immediately following creation, with the remaining 
layers up to the surface showing fewer and fewer life forms as some become 
extinct. Evolution also predicts „c Ilf. in the deepest, oldest layers (before 
evolution began) but the next layers should contain very few and only the 
simplest life forms .e.g., single-cell bacteria, blue-green algae), with the 
progressively higher, younger layers showing gradually more complex, larger and 
more varied life formu. 

Students thus have opposing hypotheses and dramatically different 
predictions. Which is correct? To find out the students simulate a hike in 
the Grand Canyon and ohserve fossils found in six sedimentary layers from the 
Canyon walls. The fossils reveal a pattern like that predicted by the 
evolution hypothesis and clearly unlike that predicted by the special creation 
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hypothesis. Therefor, support for the evolution hypothesis has Oeen obtalnad 
Subs. q uent activities allow the concept of evolution to be applied In oth»r 
contexts. Most certainly on. such activity wou!d be . learnlng cycl . ^ 
concept of natural selection. 

Concluding Remarks 

in sugary th. najor thasls of this papar Is that science Instruction has 
two .ajor goals: (1, to help students develop s.lll In u.l„ g th. r.asoni„ 6 
Pattorns Involved In g e„. ratlne and ce , clng hypotheses ^ (f) ^ ^ ^ 
ecqulr. a sat of .cl.ntlflc.Uy valid conc.ptlons. Ie ls arguad that ^ ^ 
appropriate way, p.rh.ps th. only „ ay , to accomplish both th.s. obj.ctlv.s Is 
to t..ch in a way that alloss scudeats co theu pri ^ conceptions ^ 

«st the. m a „ at„„sph.r. In which Ideas ar. op.„l y genarated . dabated ^ 

tested with the n . a „s of c.stlng b . conlng an . xpUclt focus Qf 

•tt.ntlon. rh. learning cycle aethod of Instruction can .Uou this to happ.n 
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APPENDIX 



TEACHER MATERIAL 

SKULL STRUCTURE/FUNCTION 



Synopsis WHAT CAN BE LEARNED FROM SKULLS? 

^:r:„f ;LTit ia%^ ety ^^u: h rt :i ra ^ kulis / nd attempt to id ^y 

This is a descriptive le^nJn^c^L " ' ^ "* a " int ~ d - e - 

Suggested Time 
Two class periods 
Background Informati on 

socketrio"ex^i 1S / eVeal / dapt:at:i0nS f ° r S P ecific functions. Large eye' 
oui-Kets, ror example, accommodate laree eves npprtoH € n r- * i 

Eye sockets located on the sides of Iht k^h ? i f nocturnal activity. 

eyes for the good peripheral vision 1 imply 3 Similar Portioning of the 

frontal location imnl<« a« h ; " Ceded by prey anims ls. whereas a more 
| Teeth also reveal adaptatfons C nCeded ^ Predatory animals. 

* the grindingTf a pla a nt P : rial vStelhe^t^ff ^l'™ ^ f °* 

and sharp for the grasping and tearing of ftesh CarniV ° rCS are more P° inted 

opporSni^r^rve's^unT 8 ^ iS * Pr ° VidC Students - 
the imJJVfcJ S ^ c : kU „i habits 6 ? " 1 " at . tempt t0 infer faCts 
improve their abnJS! ^ habitat (i.e., place where it lives) and to 

logical 2£L2E ion It^Crprlv^ 6 — ° f CVidence and 

concepts ofherbivore' omniCor? Pr ° VideS an opportunity- to introduce the 
an orU....\ 0 ^ is defined as 

Teaching JIrs. 
Advance Preparation 

X ' t£l£Zt° £ 8kUUS Can bC ° btained fr °° the Ari2 °- and Fish 

2. Place a different skull at each of the 10 numbered station,. 
Exploration 

3 ' pale^n? UC ? I** i eSS ° n y ° U want to remind "udents of the of 
•4 fS W-lLSTrf^?* ' fr °V nly * V6ry feW foaail Ask Sem 

•Wut th.lif. .«yl. «dhAiut of * variety of vrfbrlf SkSirScatod 

ERIC 



SS U ST ?! r0 ° m : Speclflc q«-»tlon. they should consider are: What 
type of food does this animal eat (e.g. plants, animals, or botiO and what 

teeth)? Is this animal active during the day, night:, both? What is the 

1o "««VJ ^ S ° CketS > ? the animal a'reLtor 

tL P !IdI f y (£ ; 6 : ey ? S f ° r dCpth P erce P tlQ n - Predator, eyes to 

the side for peripheral vision - prey)? Make sure only to raise the 
questions during the introduction. Do not mention specific 
characteristics and inferences such a s sharp teeth mean meat eater or eves 
luTaTe^T^- J" StUdCnt£ diSCOVCr these on their own If 

ziiz:™oi "s™. you raay raention the,n iater dur ^ ^ — pt 

Term Introduction 

4 ' 5^fI.f tUdent ! haV ! ^thered data on each skull, have them describe 

A-k for ^ ° bS ?7 ed - " art the discussion by holding uo skull 1. 

A„k for ideas and evidence. Go on to skull 2, etc. 

5 ' use 'to desr?h l0 ^^ 6 ^ S t0 CCnter on teeth - the words the students 

use to describe them (tearing, crushing, grinding) on the board. 

6. These teeth types will suggest function. Discuss this relationship *t 

and n P cne° Prlat : T h " biv °". carnivore "mSvo re 

t 6 f 6 ™ 5 by Statln 6 the d «^nitions first. Then 

state the term. For example say, "This animal has sharp teeth for cearine 
=nd no flat teeth for grinding. This implys that it ears only anLnats 6 

EtTSSi T ch , T s an i mals ls call « d a wnitetti.- ^2 " " that 

eats only plants Is called a herbivore , « e tc. 

7. Student attention to eye sockets will allow you to Introduce the terms 
nocturnal and diurnal (e e «TMc o^^i u~/ i cne cerms 
■ , . j. v^.g. mis animal has large eye sockets which 

uurin B c ne night is called noctuyppl «\ 
Concept Application 

8 ' varietv C of t bn PPli r ti H?; V*"'** Wtunitie. for students to examine 
variety of bones in addition to skulls and make inferences from their 
structure about their functions. For example, bird bones? f"h bones, 

gi<?1 ° Rlg ^ C?nc <W Thinking Skills 

nocturnal v 

carnivore isolation of variables 

. Inference 
omnivore . 

nlche seeking and stating evidence 
diurnal 



a 



STUDENT MATERIAL 

SKULL STRUCTURE/FUNCTION 



WHAT CAN BE LEARNED FROM SKULLS? 

Introduction 

So^i^r^cru:: ^J^VV^^ " 11VCS « What " eats ? 
these questions. Observation Is 1 k2 T ^ lnSlght lnt ° P ° Sslble answers to 
by looking at skulls? * ° understandi "6- What can be inferred 

Objectives 

*' cLrac^lstlc" 0 " inl " al b ' haVl " £ "" «*»«.«!«. of «1 

2 - :^arir^ 1 2.£zs2 ~ - futa h — - - 

Material § 

10 skulls of 10 different species of vertebrates. 

exaE STSkSl!* " Statl ° n an ° ^ ab ° Ut 5 " lnut " « e.r.fuu y 
2 ' SSS.S.S'.rlff ^ *" ° VeraU !kuU " » other 

3 ' & u JS'SS'tf J2S the .' ku } 1 came frM and •*« «* 

skull allow ,™Z J " V ! \ 1Ved - Wh " <="«ract.rlstlcs of this 

hove for you" g™,'", ChlS ^ " "« ~«— What evidence do you 

4. Move to the next station when you are readv ISa 

work at one station simultaneously.) gr0Upa " ay 



TEACHER MATERIAL 
AIR PRESSURE 

WHAT CAUSED THE WATER TO RISE? 

Svnops 



obser^e U that S t he V nI I OV " * Can<Ue burnin 6 in * ?™ «f water. They 

oDserve tnat the flame soon goes out and water h^c i - ^ y 

then attempt to explain theif observations Tes^in* tf l^t * yl } nder : The y 
le-rning cycle. Inquiry. This is an empirical- inductive 

Suggested Time 
Two class periods 
S^ck ground Informal nrj 

students ll^l^Tf'lll ^ UarnlnS CJ,CU iS » P«so„ally Involve 

olay. A Sho^ arttrVcvUnuer'T 8 ?' ^ *" Pan ° f ^ * s " aU P»— •« 

water, the cand!. f^e ^oef "t 1 :^:^ 6 ^::! ln th * 

observations raise two allot qS.Sona Jhv a? 5 £ « These 
the water rise? The aeneral y he £Ul, ' e go A "° >*y old 

the f laae "consumed" oxytln i n A. ?vM h"*"' 1 ** «•""<»> i« that 

the flame went out the f ? g ""V* CSCape ° ut the botto "- When 

partial vacuu^ £hif ™? * air , then cooled and contracted creating a 

•elenc. « niiaf*!.?" 1S •.«" rtl «»l«ly Sood way to Introduce students to 

tn.nnv«iab^ge„:r.t.'to'a r nl n f S* enter * rI « « *« hypotheses 

be Inadequate; therefor. L« k! „ 5?.?""'^°"" b « «P«««ent«lly shown to 

"sucks" ..terete tne cy Under' Theff.li JTSSSi VhlCh 

t^n r t : h rL: i. ac .T„:nro e ;*h uck " m*- &^<-.^ c »... 

hitting the°W.£ .urrecroutHdeln.^Unde'r 3 ' ^ ° f ^ 

only itt.m XP *elTa?/ n \ dl " CU " l0M ■»"»"• «lth an opportunity to not 

a'r "''"""P"™ *y Introducing™, satisfactory 
•ci.n« L^utoMU.^}! SSSSlSl*: fVS* ^""'""y- " Produce 
•Jescrib. art .xplatn S^ure ,tl,IuUtl "e challenging way of trying to 



Teachin g Tips 
Exploration 



4. 



5. 



discussion „f cheir observations and ideas. " 
^ te'^r^ouf-e^l'ra^ ^df/cne £ °" 
^Uc.\„. o^en 1 ^^".^ " P? «" «~ ™ » 

Have the students do this experiment and report results i*. 

course, will show that the water 1^1 i« «EJ - * u / results, of 

alternative so you can chil w! ^ t w 8 , ° ne may have a 8 ood 

their homework augment * ^ t0 ^ " P * n6W ^P^tion as 

es'c^Hut^: C£T W™"", e *> Wfii <>» the heated air 

p ** ne oottom, etc.) do not immadiatelv t-Pli . 

realize that Se hyp^htsjf lea % f! ^ st B th « Rothes is. They should 
seen eacaping out ^ bot om of the cXL" ^ ^ "I** 1 ? 8 Sh ° Uld be 
the prediction that the number of candles llil IS \ ^ J 6 alS ° leads to 
rise because more candle* « £ ° andles wil1 f ffect the level of water 

which in turn^in^pl^d h^mora^er ') ° cn ' WlU escape 

the experiment to see if bubble. can be seen t? T ' atudent8 re P efit 

i: rise, water rise after flame goes out while air cools). 



Term Introduction 
6. 



After such data have been gathered, you should carefully repeat your 
Sl£f Phen °° ena introducing the term air pressure and a 

molecular model of gases which assumes air to be composed of LliL 

lul ,1 5™ Weight and Can bounce int ° ob J ec ts (such as water) and 

oT^uctLn'n tht ^ V~ 5? '° diSCU " ^ -mmon conception 

(as a force t W ^ J ' The N molecular »<>del implies that suction 
Us a rorce that can suck up water) does not exist (i.e., the water is 

beinf PUS £ C ? , int ° thC CyUnder ^ raovi ng particles of air ratheTtnan 
being sucked by some nonexistent force) . "cner ^nan 

Concept Application 

7. To allow students to apply the molecular model of gases and concent of air 
syrinx IVl SitUati ° ns proVide each group a pie'ce of rubber SJing a 
S 22 : ^ and 3 Pan ° f Water - I^truct them to invert the befker 

5 Kakel SLrS Ji ? in tbat P^ion with the'mou h 

effort !!f SUDmer e ed - iiiUi- Students will probably make futile 

s^r^riss « ttour^tubt beaker — 

8 " pealed 0n, hrrd k h aS 1 Si 5 nnient : challen S e che "udents to find * way to insert a 
Siameter t^n tL e- gg * ^"^ With " ° Pening which is sma11 " ^ 

pl^S op n ng 8 ' £2 ^ArteTa's" a f tCr iC ^ bCen 

has been heated il 1« ™T^' an,OUnt ° f water in the bottle 

over It* ~Z < 1 ! nly necessar y to place the smaller end of the eee 

in" the botSe'bv ^ fm * ^ Cgg b * fo^d 

cools y g " a 3ir P ressure out side as the air inside 

9. Unobserved by the students place water in a ditto fluid can to a d^nrh of 

t gh\\rto~ £ : e r ar d s 1 1 th K e water «^c£\2r*°L 

.t^^fSi'SL town's the 

a^^ ^ m — ar -eiTgl^s 

and\ i : s 11r w n f l t come h Jn kin n SklUS f obse ™ ati °». hypothesis generation 
«"« cescing will come in subsequent learning cycles. 

gglflttlfic Conr-pt T Thinking sfcm § 

£fw r ?" Ure , i * observation 
molecular model of eases l * 

combustion 8 hypothesis generation and testing 

control of variables 
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STUDENT MATERIAL 
AIR PRESSURE 



Introduction 



WHAT CAUSED THE WATER TO RISE? 



y iwcic is a way to search for your own answr? Tf- ~ 11 ~i 

and it can be fun. We are going to do some noT SClenCe 



1. To stimulate curiosity about natural phenomena. 
Materials 



aluminum pie tins 
birthday candles 
matches 
modeling clay 

Procedure 



cylinders (open at one end) 
jars (of various shapes, sizes) 
beakers and/or test tubes 
syringes 
rubber tubing 



1. 
2. 

3. 



Select a parner and obtain the materials. 

fo°; r sup 0 po e rr ter lnt ° ^ Pan - Stand candle in the pan using the clay 

thf candlt E ^ — *■ — e so that 



4. What happended? 




What questions are raised? 



6. What possible reasons can you suggest for what happened? 



Repeat your experiment in a variety of wavs i-« <r 

or different results. Do your results 3 I V ° U ° btain simila * 

#6? Explain. 7 results support or contradict your ideas in 



STUDENT MATERIAL 
TRANSPIRATION 



Introducing 



WHAT CAUSES WATER TO RISE IN PLANTS? 



aoves up through the celerj st*?£ ? r A ? *" COl ° red WaCer s<ra *°» ' 
Als suggest that the «n«.r^t^ ?" le8V ' S ' 0tetyaclMS such as 

*a ro=s. through tha 8 :t:"\rth:La^r"Lrrr c ln pi r s is fro,n 

move upward? Clearlv th*.* L» Reaves. But what causes the water to 

puns thing! aoi„ arl L*ou ZTZ lllT St *' £orce of » hi < h 



1. TO determine the cause or causes of water rise in plants. 

2. ^identify son* of the structures through which water travels in plant 



Materials 

food coloring 
toluidine blue stain 
slides and covers lips 
compound microscope 
colored pencils or markers 
petroleum jelly 
test tubes 



test tube rack 
single edge razor blade 
a variety of plants and stems 
(e.g., celery, coleus, bean, 
onion, sunflower, pyrocantha, 
palo verde, orange, com, 
Irapatt^ff) 



Procedure 

1- List any hypotheses you and others in the lab 



cause of cnT™.ro ^ent'of'.acer cnrougn ptnrT «" 



2 ' «p:rL.«/co rt r:. r e t ch::. k hvo I o t ch "" provide, to d..lg„ 

Plant, or plant „art. InL £ ' In gene " 1 yOU Vil1 ta ™ «° Pi'" 

and wait ..viral £™t« L 2 tiln «" P""»"y tOUi with colored water 
the color.r.«.r th"ou.h thi n? ! T** or Uck °« movement of 
to disprove (or .upporcf .act lY^ *>" P 1 "" ° f "«<* should be to try 
pr.dl.Ld r..uU. wES'LcuS ^.XTJaol. IT* " y T^ 1 "* 



3. 



«n?«lvrf.^, r T rt 5"" » b "^«°n s , experimental results, and 
tentative conclusions to the class near Che end of the lab period 
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TABLE 1 




